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Abstract A simple, sensitive, and rapid method based on
ion association, for the determination of FLD has been
developed. Flutamide (FLD) can react with Cu(II) to form
1:1 cationic chelate at pH 2.2–7.0 Mclivaine buffer
medium, which can further react with anionic surfactants
(AS) such as sodium dodecyl sulfate (SDS), sodium lauryl
sulfonate (SLS) and sodium dodecylbenzene sulfonate
(SDBS) to form 1:1 ion-association complexes. As a result,
the resonance Rayleigh scattering (RRS), second-order
scattering (SOS) and frequency doubling scattering (FDS)
were enhanced to the highest degree. The maximum RRS,
SOS and FDS wavelengths of three ion-association com-
plexes were located at 345/345 nm, 610/305 nm and 430/
860 nm, respectively. The increments of scattering intensity
(ΔI) were directly proportional to the concentration of FLD
in certain ranges. The detection limits (3σ) of FLD for SDS,
SLS and SDBS systems were 1.9 ng ml−1, 2.1 ng ml−1 and
2.2 ng ml−1(RRS method), 2.4 ng ml−1, 2.7 ng ml−1 and
2.6 ng ml−1 (SOS method) and 2.3 ng ml−1, 2.4 ng ml−1 and
2.5 ng ml−1 (FDS method), separately. The sensitivity of
RRS method was higher than those of FDS and SOS
methods. The optimum conditions of RRS method and the
influence factors, the composition and the reaction mech-
anism have been discussed. Since the method is highly
selective, it does not interference concomitant substances.
These methods were applied successfully for the determi-
nation of FLD in pharmaceutical formulation and urine
samples.
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Introduction

Flutamide (FLD), chemically known as 2-methyl-N-[4-
nitro-3-trifluoromethyl] phenyl] propanamide (Fig. 1) is
widely used as antineoplastic (hormonal) and antiandrogen
drug [1]. It is a powerful nonsteroidal androgen antagonist
which is used to treat prostate cancer, is believed to block
androgen receptor sites. This drug and its primary hydroxy
metabolite decrease metabolism of C-19 steroids by the
cytochrome P-450 system at the target cells in the
secondary sex organ [2]. It has been recently included in
the United States Pharmacopoeia which involves a chro-
matographic method for the analysis of the pure drug and
FLD capsules [3, 4]. The number of different methods
have been reported for determination of the Flutamide in
pharmaceutical formulation and biological fluids, including
polarography, spectrophotometry, GC and HPLC [5–12].

In this work, we are reporting the impact of ternary ion-
association complexes on RRS, SOS and FDS spectra.
Because the sensitivity of RRS method is higher than those
of SOS and FDS, the optimum conditions of the reactions and
influence factors were mainly investigated by this method.We
have found that Cu(II) reacted with FLD to form 1:1 cationic
chelate [FLD•Cu]+, in the pH range 2.2–7.0 Mclivaine’s
buffer, at room temperature, which can result in a little
enhancement of intensities of RRS, SOS and FDS. The
[FLD•Cu]+ further reacted with anionic surfactants (AS)
such as sodium lauryl sulfonate (SLS) and sodium-
dodecylbenzene sulfonate (SDBS) to form 1:1 ternary ion-
association complex [FLD•Cu(II)](AS). The intensities of
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RRS, SOS and FDS were substantially enhanced. Three ion
association complexes have similar spectral characteristics
and the maximum RRS, SOS and FDS wavelengths were
located at 345/345 nm, 610/305 nm and 430/860 nm
respectively. The increments of scattering intensity (ΔI) were
directly proportional to the concentration of FLD in certain
ranges. The effects of concomitant substance were tested and
it showed that the RRS method has a good selectivity. A
sensitive, simple, selective and rapid method was developed
for the determination of FLD in pharmaceutical formula-
tions. The mechanism for the ion-association reaction and
the reason of RRS enhancement has also been discussed.

Experimental

Reagents

Standard solution of FLD was prepared by dissolving
0.0276 g FLD (Sigma Aldrich) in 100 ml (40:60) ethanol-
water mixture. For working solution it was diluted to
25 μgml−1. The working solution of Cu(II) (100 μgml−1)
was prepared by dissolving 0.1 g of CuCl2.2H2O which
was diluted with water in 250 ml flask. Anionic surfactants
solutions: SLS, SDS and SDBS (Sigma) of 1.0×10−3M,
1.0×10−3M and 1.0×10−2M, respectively, were prepared.
Mclivaine’s buffer solutions of different pH were prepared.

General Procedure

A 0.5 ml of AS, 0.5 ml of Cu(II) suitable amount of FLD
solution and 1.0 ml of pH 5.0 Mclivaine’s buffer were
transferred into a 10 ml flask. The mixture was made up to the
mark with water, shaken thoroughly and then left for 10 min.
The RRS intensity (IRRS) of the systems were recorded with
synchronous scanning at λex=λem. The SOS intensity (ISOS)
and the FDS intensity (IFDS) of the systems were recorded at
λem=2λex and 2λem=λex, respectively. The ISOS and IFDS
were plotted against different wavelengths to get SOS and
FDS spectra. The scattering intensities (IRRS, ISOS and IFDS)
for the ion-association complexes and, Io

RRS, Io
SOS and

Io
FDS for the reagent blank were measured at their own

maximum, ΔIRRS = IRRS−IoRRS, ΔISOS = ISOS−IoSOS and
ΔIFDS = IFDS−Io FDS.

Results and Discussion

Spectral Characteristics

RRS Spectra

It can be seen (Fig. 2a) that the RRS intensities of AS, Cu
(II) and FLD themselves are very weak. The binary chelate
of Cu(II) with FLD exhibits only a minor change in the
RRS spectra but in presence of anionic surfactants (SDS,
SLS and SDBS) RRS intensities are markedly enhanced
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Fig. 1 Structure of flutamide (FLD)
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Fig. 2 (a) RRS spectra of FLD-Cu(II)-AS systems: From 1 to 8: (1)
FLD, (2) Cu(II)-SDBS, (3) Cu(II)-SLS, (4) Cu(II)-SDS, (5) Cu(II)-
FLD, (6) FLD-Cu(II)-SDBS, (7) FLD-Cu(II)-SLS and (8) FLD-Cu
(II)-SDS. The concentration of FLD: 3.0 μgml−1; the concentration of
Cu(II): 3.0 μgml−1; the concentration of SDS and SLS: 3.0×10−4M;
the concentration of SDBS: 4.0×10−5M (b) RRS spectra of FLD-Cu
(II)-AS systems: From 1 to 7: the concentration of FLD: 0.5, 1.0, 2.0
3.0, 4.0, 5.0 and 6.0 μgml−1
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due to the formation of ternary complex. All the reaction
products have similar spectral characteristics as the maxi-
mum RRS intensity at 345 nm. The RRS intensity of the
SDS system is highest among the three systems, followed
by the SLS and SDBS. Figure 2b shows that the
enhancement of RRS intensity for the FLD-Cu(II)-SDS
system is directly proportional to the concentration of FLD.
The RRS method was therefore more effective to the
determination of FLD.

SOS Spectra

It has been observed that the SOS intensities similar to
RRS intensities of AS, Cu(II) and FLD are very weak
(Fig. 3a). Formation of the binary chelate shows a little
change in the SOS spectra. It has been observed that the
when binary chelate further reacts with SDS, SLS, and
SDBS to form ternary complexes SOS intensities are
greatly enhance. All the reaction products have similar
spectral characteristics as the maximum SOS peaks are all
the same at 610 nm. The decrease in scattering intensities
(ΔISOS) of the system obeys the order SDS > SDBS >
SLS. Taking FLD-Cu(II)-SDS as an example, when the
λex. is at 610 nm, the changes of SOS intensities with
different concentration of FLD were investigated. It can be
seen from Fig. 3b that the enhancement of SOS intensity
is linear to an increased concentration of FLD. The other
two reaction systems under investigation followed the same
pattern.

FDS Spectra

The intensity of FDS spectra of individual components in
solution are not very strong but the binary chelates shows a
little enhancement. When the binary chelate reacts with
SDS, SLS and SDBS forming ternary complexes, FDS
intensities are enhanced to a greater extent. The reaction
products have similar spectral characteristics at λmax

430 nm (Fig. 4a). The intensities of reaction products were
different and their relative scattering intensities (ΔIFDS)
follows the order SDS > SLS > SDBS. When FDS Spectra
of the system FLD-Cu(II)-SDS λex at 430 nm was taken
intensities of FDS spectra is proportional to the concentra-
tion of FLD (Fig. 4b). The sensitivity of RRS method is
higher than those of SOS and FDS, therefore RRS method
was apply to obtain optimum reaction condition.

Optimum Reaction Conditions

Effect of Acidity

The effect of different buffer solutions on RRS intensities
were tested with Mclivaine’s, Britson-Robinson and HAc-

NaAc buffer and Mclivaine’s buffer was found to be most
suitable. Optimum pH range for the reaction was 2.2–7.0,
2.2–6.8 and 2.2–6.9 for SDS, SLS and SDBS systems,
(Fig. 5) respectively. Thus, 1.0 ml of Mclivaine’s buffer of
pH 5.0 was taken in each case.

Effect of the Cu(II) Concentration

It can be seen (Fig. 6) that RRS intensity reached a
maximum and then remained stable even when the
concentration of Cu(II) was raised from 1.5 to 5.0 μgml−1.
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Fig. 3 (a) SOS spectra of FLD-Cu(II)-AS system: From 1 to 8: (1)
FLD, (2) Cu(II)-SDBS, (3) Cu(II)-SLS, (4) Cu(II)-SDS, (5) Cu(II)-
FLD, (6) FLD-Cu(II)-SDBS, (7)FLD-Cu(II)-SLS and (8) FLD-Cu(II)-
SDS. The concentration of FLD: 2.0 μgml−1; the concentration of Cu
(II): 2.0 μgml−1; the concentration of SDS and SLS: 3.0×10−4M; the
concentration of SDBS: 4.0×10−5M (b) SOS spectra of FLD-Cu(II)-AS
system: From 1 to 7: the concentration of FLD: 0.3, 0.91.2, 1.6, 2.0, 2.6,
and 3.0 μgml−1
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The concentration of Cu(II) was kept constant at 3.0 μgml−1

in subsequent experiments.

Effect of the AS Concentrations

The RRS intensity enhanced gradually with increasing
concentration of AS in FLD-Cu(II)-As system. When the
concentrations of SDS, SLS, and SDBS were kept at (1.0–
5.0)×10−4M, (2.0–5.0)×10−4M and (2.0–4.0)×10−5M, re-
spectively, ΔIRRS attained maximum (Fig. 7). If AS is not

adequate, the reactions would be incomplete but when AS
is excessive, the intensities of RRS would decrease as a
consequence of the formation of AS dimer by self-
aggregation. The concentration of anionic surfactants were
therefore, suitably adjusted.

Reaction Speed and the Stability of Scattering Intensity

The reaction completed in 10 min at room temperature and
RRS intensity remained constant for 2.5 h at least.
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Fig. 6 Effect of the Cu(II) concentration: (1) FLD-Cu(II)-SDS (2)
FLD- Cu(II)-SLS (3) FLD-Cu(II)-SDBS; The concentration of FLD:
2.5 μgml−1
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Fig. 5 Effect of the acidity: (1) FLD-Cu(II)-SDS (2) FLD-Cu(II)-SLS
(3) FLD-Cu(II)-SDBS; The concentration of FLD: 2.5 μgml−1; the
concentration of Cu(II): 2.5 μgml−1
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Fig. 4 (a) FDS spectra of FLD-Cu(II)-AS systems: From 1 to 8: (1)
FLD, (2) Cu(II)-SDBS, (3) Cu(II)-SLS, (4)Cu(II)-SDS, (5) Cu(II)-
FLD, (6) FLD-Cu(II)-SDBS, (7)FLD-Cu(II)-SLS and (8)FLD-Cu(II)-
SDS. The concentration of CTRX: 2.5 μgml−1; the concentration of
Cu(II): 2.5 μgml−1; the concentration of SDS and SLS: 3.0×10−4M;
the concentration of SDBS: 4.0×10−5M (b) FLD-Cu(II)-SDS system:
From 1 to 7: the concentration of FLD: 0.5, 1.0, 1.5, 2.0 2.5, 3.0 and
4.0 μgml−1
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Effect of Ionic Strength

The ionic strength was maintained by NaCl and its
influence on the RRS intensity was studied. ΔIRRS
remained constant when the concentration of NaCl was
kept below 1.0×10−2M, but above this concentration of
NaCl, ΔIRRS gradually decreased. The ion-association
reaction occurs strictly under very low ionic concentration
of NaCl.

Sensitivity of Method

Varying concentrations of FLD was allowed to react with
Cu(II)-AS in to form ternary complexes and their relative
scattering intensities ΔIRRS, ΔIFDS and ΔISOS were

measured at their maximum scattering wavelengths after
10 min. The calibration graphs of ΔIRRS, ΔISOS and ΔIFDS
against the concentrations of FLD were plotted (Table 1). It
can be seen that the sensitivity of RRS method is higher
than those of FDS and SOS though all these methods can
be applied to determine FLD The detection limits (3σ) of
FLD by RRS method were 1.9 ng ml−1 for SDS, 2.1 ngml−1

for SDS and 2.2 ngml−1 for SDBS systems, respectively.
Although the sensitivity of all the methods were higher by
one to three order of magnitude than those of common
HPLC, flow injection spectrophotometry, spectrophotome-
try and fluorimetry. The RRS method had much higher
sensitivity of all (Table 2). They proved to be more suitable
for the determination of trace amounts of FLD.

Formation of Ternary Ion-Association Complex
and its Effect on the Spectral Characteristics

The Ion-Association Reaction

Ratio of the ternary complex (FLD-Cu(II)-AS) was found to be
1:1:1 as established by Job’s method (Fig. 8). It can be
formulated as [FLD•Cu(II)]AS. The reaction mechanism is
depicted below:

FLDþ CuðIIÞ Ð FLD � Cu½ �þ

FLD � Cu½ �þ þ AS� Ð FLD � Cu½ �AS

The carbonyl group and nitrogen atoms on the prop-
anamide appear to be most potential donor sites in FLD and
expected to form a chelate through then [FLD•Cu(II)]+.
Anionic surfactants (SDS, SLS and SBDS) at low concen-
tration in weak acidic medium exist as monovalent anions
SDS−, SLS− and SDBS−, respectively. They can react with
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Fig. 7 Effect of the AS volume: (1) FLD-Cu(II)-SDS (2) FLD-Cu(II)-
SLS (3) FLD-Cu(II)-SDBS; The concentration of FLD: 2.5 μgml−1;
the concentration of Cu(II): 2.5 μgml−1; the concentration of SDS and
SLS: 3.0×10−4M; the concentration of SDBS: 4.0×10−5M

Table 1 Analytical parameters for the determination of FLD

Method Analytical
reagent

Linear range
(μgml−1)

Regression equation C,
(μgml−1)

Regression coefficient
(r)

Detection limit 3σ,
(ngml−1)

RRS Cu(II)−SDS 0.042–6.8 ΔI=358.6+868.4C 0.9951 1.9

Cu(II)−SLS 0.052–3.5 ΔI=−14.9 + 1260.5C 0.9934 2.1

Cu(II)−SDBS 0.059–2.9 ΔI=−189.4 + 1357.5C 0.9898 2.2

FDS Cu(II)−SDS 0.41–5.9 ΔI=−45.1+134.8C 0.9974 2.3

Cu(II)−SLS 0.49–5.5 ΔI=−55.4 + 130.9C 0.9924 2.4

Cu(II)−SDBS 0.5–5.2 ΔI=−52.1+125.2C 0.9909 2.5

SOS Cu(II)−SDS 0.28–3.5 ΔI=−1 9.0 + 322.0C 0.9940 2.4

Cu(II)−SDBS 0.32–3.5 ΔI=−117.2+375.6C 0.9873 2.6

Cu(II)−SLS 0.6–3.2 ΔI=−116.5+440.9C 0.9921 2.7
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[FLD•Cu(II)]+ to form ternary ion-association complexes
through electrostatic attraction and hydrophobic forces.

Effect on RRS Spectra

It can be seen (Figs. 2, 3 and 4) that the formation of ion-
association complexes can result in marked enhancement of
RRS, FDS and SOS intensity. Since the sensitivity of RRS
method is higher than those of others, it was used for the
determination of trace amounts of FLD. The possible
reason for RRS enhancement is given below:

Resonance Enhanced Rayleigh Scattering Effect When the
wavelength of Rayleigh scattering is close to the molec-

ular absorption band, the scattering can absorb the light
energy through resonance to produce a re-scattering
process. As a result the scattering intensity is greatly
enhancement [13, 14].

Enhancement of Hydrophobicity Since Cu(II), [FLD•Cu
(II)]+ and AS− are hydrophilic they easily dissolve and
cannot form an interface with water. When [FLD•Cu(II)]+

reacts with AS− to form the neutral ion-association complex
[FLD•Cu(II)]AS, a hydrophobic liquid-solid interface
appears owing to the presence of the aryl framework of
the ternary complex. This hydrophobic interface is helpful
in the enhancement of RRS signal [15].

Enlargement of Scattering Molecular Volume The forma-
tion of ion-association complex enhanced the scattering
molecular volume or weight, which also enhanced the
scattering intensity. According to the Rayleigh-scattering
formula [16]: I ¼ KCMIo (where, I = resonance Rayleigh
scattering intensity, Io = incident light intensity, C =
concentration of solution, K = proportional coefficient and
M = molecular weight) When K, C and Io are constant in
Rayleigh-scattering formula, I is proportional to M. When
binary chelate [FLD•Cu(II)]+ (M.W.=339.7) reacts with
AS- (SDS, SLS and SDBS) to form ternary complex
[FLD•Cu(II)]AS the molecular weight increases from

Table 2 Comparison of sensitivities of RRS method with other methods for the determination of FLD

Methods Analytical reagent Medium /condition Linearity (μgml−1) 1max (nm) LOD (μgml−1) Literature

FI SLS 100–400 310 0.21 17

HPLC – pH 4.0 2.9–11.6 240 18

Fluorimetry – – 0.1–0.6 1 ex./1 em=255/375 0.0086 19

SP IDB pH 12.0 0.4–16.0 570 0.131 20

ANHD pH 12.0 0.4–8.0 520 0.288

RRS Cu(II)−SDS pH 2.2–7.0 0.042–6.8 345 0.0019 This work

Cu(II)−SLS pH 2.2–6.8 0.052–3.5 610 0.0021 This work

Cu(II)−SDBS pH 2.2–6.9 0.059–2.9 430 0.0022 This work

FI Flow injection spectrophotometry, SP Spectrophotomety, IDB Iminodibenzyl, ANHD 4-amino-5-hydroxy-2,7- naphthalenedisulphonic acid
monosodium salt

Table 3 Evolution of accuracy and precision of proposed RRS
method

Added amount
(μgml−1)

Found ±%
RSD

%
Er

SD %
Recovery

0.05 0.49±0.28 0.20 0.14×10−3 99.80

0.50 0.505±0.99 0.96 0.50×10−2 100.96

1.0 1.016±3.53 1.64 0.35×10−1 101.64

2.0 2.024±2.24 1.24 0.45×10−1 101.24

4.0 4.021±1.32 0.52 0.53×10−1 100.52
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Fig. 8 The ratio of ion-association complex of FLD-Cu(II)-SDS
system as established by Job’s method of continuous variation: (A) SDS
excess; (B) Cu(II) excess; (C) FLD excess
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339.7 to 628.08, 612.08 and 688.18. It is obvious that the
RRS intensity is directly proportional to the molecular
volume or molecular weight of the complexes.

Selectivity of RRS Method and its Analytical Application

Effect of Concomitant Substances

We investigated the effect of concomitant substances on
the determination of FLD under optimum conditions. This
method does not suffer any interference from commonly
associated excipients and additives like sucrose, lactose,
dextrose, starch, talc, stearic acid and sodium alginate. It is
obvious that RRS method is highly selective.

Analytical Application

Determination of FLD in pharmaceutical sample Different
amount of FLD was transferred into a 10.0-ml volumetric
flask according to the general procedure. The % R.S.D
(0.28–3.53) and % recovery (99.54–100.52) shows that the
RRS method has a good repeatability (Table 3). Therefore,
this method can be used for the determination of FLD in
pharmaceutical formulation (Table 4).

Determination of FLD in urine A 1.0 ml aliquot of fresh
urine (healthy human was filtrated and pipette into a
10.0 ml of volumetric flask for the determination of FLD
according to general procedure. % RSD and % recovery
were tasted by using the standard addition method the result
was listed in Table 5. The results showed RRS method has
a good repeatability. The % RSD and % recovery is
between 0.44 to 0.89 and 99.9 to 100.3 respectively.
Therefore, the method can be used for the determination
of FLD in urine sample.

Conclusions

These methods for the determination of the FLD have been
developed for the determination in pharmaceutical and urine
samples. It is demonstrated that FLD reacts with Cu(II) and
anionic surfactants to form ternary ion-association complex in
1:1:1 molar ratio. As a result, the RRS, SOS and FDS
intensities of complex enhance remarkably. The increments
(ΔI) are directly proportional to the concentration of FLD.
These methods showed good repeatability and accuracy
therefore they can use for the determination in pharmaceutical
formulation, hospital and research laboratories.
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Table 4 Result for determination of FLD in pharmaceutical samples

Method Sample Label claim (g per tablet) Found (g) Mean (g) % RSD % Recovery

RRS Cytomid-250 0.250 0.251, 0.252, 0.251, 0.252, 0.249 0.251 0.487 100.40

Table 5 Result for determination of FLD in urine samples by RRS
method

Sample Found
amount
(μgml−1)

Added
amount
(μgml−1)

Mean
(g)

%
RSD

%
Recovery

Urine
1

ND 0.5 0.499 0.44 99.9

Urine
2

ND 1.0 1.003 0.62 100.3

Urine
3

ND 1.5 1.504 0.89 100.2

J Fluoresc (2011) 21:1357–1363 1363


	Resonance...
	Abstract
	Introduction
	Experimental
	Reagents
	General Procedure

	Results and Discussion
	Spectral Characteristics
	RRS Spectra
	SOS Spectra
	FDS Spectra

	Optimum Reaction Conditions
	Effect of Acidity
	Effect of the Cu(II) Concentration
	Effect of the AS Concentrations
	Reaction Speed and the Stability of Scattering Intensity
	Effect of Ionic Strength
	Sensitivity of Method

	Formation of Ternary Ion-Association Complex and its Effect on the Spectral Characteristics
	The Ion-Association Reaction
	Effect on RRS Spectra

	Selectivity of RRS Method and its Analytical Application
	Effect of Concomitant Substances
	Analytical Application


	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


